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INTRODUCTION
Glaucoma is one of the leading causes of irreversible blindness worldwide. Nearly 70 million people worldwide suffer from this condition (Flanangan, 1998) . Glaucoma is not a single disease but rather a group of ophthalmic diseases with diverse clinical presentation whose common denominator, if left untreated, is progressive retinal ganglion cells (RGCs) degeneration eventually leading to irreversible blindness (Gupta, 2005) . Studies have shown that early diagnosis and treatment can delay or prevent disease onset and progression, thus preserving vision in glaucoma patients (Hattenhauer et al., 1998; Heijl et al., 2002; Kass et al., 2002) . Structural changes like RNFL thickness changes in glaucoma are often detectable before the functional impairment can be identified using visual field assessment (Sommer et al., 1991) , however, the relationship between structure and function may vary according to glaucoma severity. In fact, we know from literature and everyday practice that in the advanced stages of glaucoma, functional tests are more useful than structural ones, mainly to plan a therapeutical strategy. Clinical ophthalmoscopic examination can now be complemented by several technologies that have been developed for the assessment of the optic nerve head and RNFL thickness, including scanning laser polarimetry, scanning laser ophthalmoscopy and ocular coherence tomography, which provide images that can be stored and used to track disease progression in individual patients. It has been undoubtedly shown that IOP plays a role in the development of glaucomatous damage and that IOP reduction is therapeutically beneficial in glaucoma. Elevated IOP is regarded as the main risk for glaucomatous optic neuropathy, and numerous treatment modalities have been proposed and used to lower IOP (Grieshaber et al., 2007) , including medications, laser treatment and glaucoma surgery. The goal of glaucoma filtration surgery (trabeculectomy) is the same as the goal of medical therapy and laser therapy: to prevent the degradation of visual function by halting the progressive damage to the optic disc caused by either increasing outflow facility or decreasing aqueous production. In most cases, conventional surgical intervention is generally considered when medical and laser therapies fail to achieve the target IOP for a given patient; however, there is evidence that the filtration surgery may be insufficiently effective in advanced stages of glaucoma due to evidence of other risk factors than IOP (Gupta, 2005) . We know that progressive RGCs loss continues despite low IOP.
Although the positive impact of the glaucoma filtration surgery on IOP is generally accepted (Anonymous, 2017) , the influence of this manipulation on the structural and functional parameters of the eye is still not clear. There are several studies that evaluated long-term results after trabeculectomy (Aydin et al., 2003; Chang et al., 2007; Rebolleda et al., 2007) . Raghu and colleagues showed that RNFL thickness increases and cup area decreases for a transient period after glaucoma surgery but reverts back to preoperative values within three months (Raghu et al., 2012) . Bertrand with co-authors confirmed in retrospective study that progression of visual field changes continues after trabeculectomy, albeit at a slower rate (Bertrand et al., 2014) . Kotecha with colleques concluded that approximately one-third of eyes continued to show progression of glaucoma at five years after trabeculectomy (Kotecha et al., 2009) . However, the effect of surgery in different glaucoma stages has not been studied widely. In a previous study (Shiota et al., 2006) glaucoma stages divided in subgroups based on the MD index of visual fields. We used this approach. The aim of this study was to evaluate the short-term effect of glaucoma filtration surgery on structural and functional eye parameters in different stages of glaucoma.
MATERIALS AND METHODS
In this study, patients with scheduled glaucoma surgery in Pauls Stradiòð Clinical University Hospital, Department of Ophthalmology were enrolled. In total, 96 operated eyes of 96 patients were included in the study: only one eye per patient was operated to exclude infection risk. Surgery was scheduled due to glaucoma progression and inadequate reduction of IOP by medications. Patients > 18 years of age whose IOP was > 30 mmHg were enrolled. Additional inclusion criteria of patients were the absence of severe intraoperative or postoperative complications and postoperative IOP less than 18 mm Hg. All patients provided signed consent to participation, and the study was approved by the local ethical committee. The study was conducted in accordance with the Helsinki Declaration.
All patients who met the inclusion criteria and approved their participation in this study were assigned into three groups based on the data available and reliability indices of obtained measurements to analyse the main structural and functional eye (indices) parameters: mean deviation of visual field (MD), RNFL thickness and optic nerve cup/disc ratio (c/d ratio). All parameters were measured up to one week before surgery and one month (30-40 days) after completely successful surgery (post-operation IOP for all patients was £ 18 mmHg without medications). IOP data were obtained in the sitting position by the same physician using a Goldmann applanation tonometer.
For MD measurements, 27 patients (8 females and 19 males, mean age 67 ± 10) were involved. MD, the mean difference between the normal sensitivity (corrected for age) and the retinal sensitivity for the subject calculated from all the points tested, was measured by standard automated perimetry (SAP) using a threshold strategy with double bracketing and was performed on an "OCULUS Centerfield" perimeter (OCULUS Optikgeräte GmbH, Germany). Data were analysed by the full-threshold programme 30-2; SITA (Swedish Interactive Thresholds Algorithm) standard 30-2 strategy. All subjects had good visual acuity, were experienced with perimetry and were free of significant cataracts or pupillary miosis. For all included patients, at least five reliable central visual field results were obtained before the study. From analysis were excluded eyes with unreliable visual fields (defined as false negative 33%, false positive 33%, and fixation losses 20%). The categorisation into three subgroups of glaucoma was performed by Hodapp's classification based on the MD index of visual fields (Hodapp et al., 1993) . In our study stage 2 was defined as early glaucoma with visual field MD index £ 6dB, stage 3 as moderate glaucoma with MD 6-12 dB and stage 3 severe glaucoma with MD worse than 12 dB (positive ranges for the used device).
For RNFL and for c/d ratio measurements, 33 patients (11 females and 22 males, mean age 68 ± 8) and 36 patients (13 females and 23 males, mean age 68 ± 8) were involved, respectively. Optical coherence tomography (OCT) was used to assess the structural properties of optic nerve (vertical and horizontal c/d ratio) and RNFL thickness. RNFL thickness was measured in four quadrants of the optic nerve head (superior, inferior, nasal, and temporal) using the Zeiss Optical Coherence Tomographer Stratus OCT version 4.0.5 (Carl Zeiss Meditec Ophthalmic Systems Inc., Dublin, CA, USA). All scans were obtained by the same experienced operator. Patients were examined after pupillary dilatation to a minimum 5 mm. The imaging lens was positioned 1 cm from the eye and was adjusted independently until the retina was in focus. The OCT images were analysed using the built-in Stratus OCT Stratus version 4.0.5.; Carl Zeiss Meditec) software. The RNFL thickness was determined at 256 points around a set diameter (3.4 mm) in the centre of the optic disc three times during a single scan; the Fast RNFL programme was used. These values were averaged to yield 12 clock hour thicknesses, four-quadrant thickness and a global average RNFL thickness measurement (360 degree measure). These values were compared against a normative database of age-matched control subjects to derive percentile values. The four percentile values included in the OCT software were the top 5 th percentile, top 95 percentile, bottom 5 th percentile, and bottom percentile. Vertical and horizontal c/d ratio was obtained with the same device, using fast optic nerve programme. Accuracy of measurement using the OCT method is 8-10 micrometres.
All glaucoma filtration surgeries were trabeculectomies with a fornix-based conjunctival flap using mitomicin C as an antifibrotic agent. All surgeries were performed by the same surgeon, using the same surgical technique. Preoperative preparation of patients was performed with the topical anaesthetic Proxyimetacainum 0.5% and a sub-tenon block using Sol. Lidocaine 2% mixed with Sol. Bupivacaine 0.5% 50:50. A partial-thickness corneal traction suture with 7-0 silk was used for eye stabilisation. A fornix-based conjunctival flap was dissected. The sclera was exposed, and haemostasis was achieved by wet-field cautery of the episcleral area before creating the scleral flap. Mitomicin C (MMC) 0.4% on 3-4 pieces of sponge was used as an adjuvant to cover a broad area of the superior episclera for 2 minutes. Then the sponges were removed, and residual MMC was washed away with 20-30 ml of balanced salt solution. A partial-thickness scleral flap (4 mm base and 4 mm height) was created, and MMC 0.4% was applied for 1 min under the scleral flap. The residual MMC was again washed away with 20-30 ml of balanced salt solution. Paracentesis through the temporal clear cornea was performed. A sclerostomy (2-2.5 mm) was performed, and peripheral iridectomy was performed using forceps through the sclerostomy. The scleral flap was sutured with 2-4 interrupted 10-0 nylon sutures at the sides of the flap. The conjunctiva and tenons were closed using 10-0 vicryl sutures. The corneal traction suture was removed. The anterior chamber was reinflated with balanced salt solution, and the elevation of the bleb was checked. To check for leaks, 2% fluorescein solution was used over the bleb surface.
All statistical analyses were performed using GraphPad Software (GraphPad Software Inc., USA). The paired t test was employed to determine the two-tailed p value, and a two-tailed p value less than or equal to 0.05 was considered significant.
RESULTS
In this study, three different structural and functional eye parameters were analysed in patients with stage 2 (early) glaucoma, stage 3 (moderate) glaucoma, and stage 4 (severe) glaucoma: MD, RNFL, and c/d ratio. After the surgery, all involved patients had satisfying glaucoma surgery results: one month after surgery mean IOP was 12.3 mm Hg, no significant complications after surgery developed.
First, changes in MD were evaluated in 27 glaucoma patients by comparing the MD values before and after the surgery. The MD value was slightly improved in 50.0% (3 of 6), 85.7% (6 of 7) and 71.4% (10 of 14 of patients with glaucoma stages 2, 3, and 4, respectively (Table 1) . However, these changes were not statistically significant. In total, a slight reduction in MD of the visual field after surgery was observed in 70.4% (19 of 27) of glaucoma patients (p = 0.0916).
Changes in retinal nerve fibre thickness (RNFL) after glaucoma surgery were evaluated by OCT in 33 patients. Patients were measured with the peripapillary Fast RNFL program described above. Measurements were performed for all four quadrants of the optic nerve head: superior, inferior, nasal, and temporal ( Table 2 ).
The data showed that the mean RNFL of all four optic nerve head quadrants increased slightly after surgery for patients with glaucoma stage 2 (9 eyes); the most pronounced change was for the nasal segment (mean difference = 14.4, p = 0.148). In patients with glaucoma stage 3 (17 eyes), the mean RNFL of the superior, inferior and temporal quadrants after the surgery showed a slight increase; in contrast, a decrease in the mean thickness for the nasal quadrant was observed (Table 2) . Unfortunately, a decrease in the mean RNFL values for all four quadrants was observed for patients with glaucoma stage 4 (7 eyes). However, these findings, as for the stage 2 and 3 data, were not statistically significant (Table 2) .
Next, the optic nerve c/d ratio was analysed in thirty-six patients with different stages of glaucoma (Table 3) . Changes in the optic nerve c/d ratio after glaucoma surgery were ana- lysed in all patients. Both the horizontal and vertical c/d ratio were measured, and any decrease was considered an improvement. In total, improvement of the horizontal and vertical c/d ratio was detected in 61.1% and 55.6% of the glaucoma patients, respectively. The average decrease was 0.04 for the horizontal c/d ratio and -0.004 for the vertical c/d ratio (Table 3) . Improvement of c/d ratio after glaucoma surgery was observed in 31 of 36 patients (86.1%). Importantly, the proportion of patients with improvement in the c/d ratio did not statistically differ among all three glaucoma stages studied (p > 0.05). However, statistically significant changes in the mean values for the optic nerve horizontal c/d ratio after glaucoma surgery were observed (p = 0.033), in contrast to the vertical c/d values (p = 0.77) (Table 3).
DISCUSSION
Glaucoma is now widely accepted to be a progressive optic neuropathy and has been characterised as a continuum involving structural and functional changes throughout the course of chronic disease ; untreated, the condition eventually leads to irreversible blindness. Glaucoma trials provide conclusive evidence confirming that reduction in IOP lowers the risk of progression of optic neuropathy. Each higher (or lower) millimetre of mercury of IOP on follow-up was associated with an approximate 10% increase (or decrease) in risk of progression (Leske et al., 2003) . The goal of glaucoma filtration surgery, which is the most common non-laser surgical procedure, is the same as the goal of medical therapy or laser therapy: to lower the IOP in affected patients and thus to stabilise vision and prevent any further loss of the visual field. Unfortunately, the surgery does not restore any visual field already lost (Lamping et al., 1986) . However, some improvements in visual function and structural parameters have been observed (Aydin et al., 2003; Chang et al., 2007; Raghu et al., 2012) . Raghu with colleagues noted shortterm fluctuations in RNFL thickness which temporarily increased but the values reverted to normal within three months. Reasons for growth of thickness could be explained as postoperative oedema. Examination of the optic disk, retinal nerve fibre layer, and visual function are essential both for disease staging within the continuum and for monitoring the rate of progression. However, little is known about possible changes in these parameters shortly after successful glaucoma surgery and effective IOP lowering. Thus, a possible improvement in structural and functional properties of the eye after the fornix-based conjunctival flap trabeculectomy was evaluated in this study. Evaluation of short-term changes in RNFL thickness, cup/disc ratio and MD of visual field postoperatively following glaucoma filtration surgery may improve management of glaucoma process. In case of worsening of parameters additional medical therapy must be added despite the low IOP. The overall results of this study showed that glaucoma surgery was successful in all involved patients, and the IOPlowering effect was good: one month after the glaucoma operation, the mean IOP was 12.3 mm Hg. Apparent improvement in the MD of the visual field was observed in a large proportion of our patients: positive changes were documented in 19 of 27 patients (70.4%) one month after the surgery. There is a direct relationship between MD value and retinal ganglion cell loss (Bengtsson et al., 2008) . Thus, although the observed changes were not statistically significant, it could nonetheless be assumed that the operation slowed the rate of disease progression and kept patients close to stability even in cases of moderate or advanced damage.
Conflicting results have been reported regarding improvement in the postoperative RNFL thickness. Several studies have reported a significant change in RNFL thickness following IOP reduction (Aydin et al., 2003; Sarkar et al., 2014) . Similarly, the study of Chang et al. found a significant increase in RNFL, but with no correlation with IOP (Chang et al., 2007) . The study of Raghu et al. showed a significant increase in average and inferior RNFL thickness only one week after surgery; the values reverted to preoperative values at three months postoperatively (Raghu et al., 2012) . In contrast, the studies of Rebolleda et al. and Topouzis et al. did not find changes in any significant parameter 6 and 8 months after surgery (Rebolleda et al. 2007; Topouzis et al., 1999) . Our study showed that the RNFL thickness of the optic nerve head increased slightly one month after the surgery, resulting in successful IOP reduction in patients with glaucoma stage 2 and 3; however, these changes were not statistically significant. No positive changes were observed in patients with severe disease.
Regarding possible changes in the c/d ratio after successful surgery, experimental studies have shown that reversal of cupping is more likely in the earlier stages of glaucoma (Shirakashi et al., 1991; Coleman et al., 1999) . In this study, improvement in the horizontal and vertical c /d ratio was detected in 61.1% and 55.6% of glaucoma patients, respectively, one month after surgery. However, again, these changes were not statistically significant for either severe or moderate disease.
With the new studies, which all highlight the importance of pursuing aggressive IOP reduction, and considering that many people are living longer than ever before, many patients with glaucoma will undoubtedly be referred for surgical intervention. In some cases, glaucoma surgery is recommended earlier, for example, in patients with normaltension glaucoma, in patients who demonstrate a clear pattern of non-compliance, or in patients who will lose significant visual function unless immediate intervention is undertaken. This study provides evidence that glaucoma surgery not only results in lower IOP, which is crucial for the prevention of optic neuropathy progression, but also could slightly improve structural and functional eye parameters. Although statistically insignificant, some positive improvements were observed, mainly in patients with glaucoma stages 2 and 3; in contrast, few if any patients with severe glaucoma (stage four) experienced noticeable changes after surgery. Thus, surgical intervention should be advised in all cases of insufficient IOP reduction, despite maximal medical therapy, and with confirmed functional loss as early as possible.
In conclusion, in cases of successful glaucoma surgery where the IOP-lowering effect is good, some improvement in structural and functional properties of the eye can be expected, especially in non-advanced stages of glaucoma stages.
